Robotic surgery has been successfully used for many surgical indications in head and neck surgery. Robotic thyroidectomy is getting accepted worldwide, but the majority of the literature is from South Korea. The purpose of the paper is to review and give a personal perspective on how a robotic thyroidectomy program was initiated in a tertiary care academic medical institution in India. Advantages of robotic approaches are the three-dimensional visualization, precision, dexterity, and surgeon ergonomics. Cost is an important concern. Training includes basic robotics skill training, cadaveric training, observership, and hands-on training. Sufficient preclinical and clinical training is essential before embarking onto the newer surgical modality. Surgeon credentialing, though institution dependent, has specific guidelines. Case selection is the key, especially in the initial learning curve. The authors prefer the retroauricular approach for robotic thyroidectomy, and our initial experience in the first ten cases of total thyroidectomy was encouraging.
Introduction
Conventionally, thyroidectomy is performed through a transverse lower neck crease incision. Conventional approach results in a conspicuous anterior neck scar which is hard to camouflage. Remote access surgical approaches are being developed with the aid of technological advancements with an intention to hide the scar. These approaches can be endoscopic or robotic. Robotic surgery has been successfully used for many surgical indications in head and neck surgery [1] [2] [3] [4] [5] . Robotic thyroidectomy is getting accepted worldwide, but the majority of the literature is from South Korea [6] [7] [8] [9] [10] [11] . Widely acknowledged approaches are the trans-axillary (TA) [12, 13] and the retroauricular (RA) approaches [6, 14, 15] . Robotic thyroidectomy is not popular in India, but many centers are planning to start it. The purpose of this paper is to give a review and personal perspective on how a robotic thyroidectomy program was initiated in a tertiary care academic medical institution in India.
Advantages of Robotic Thyroidectomy
Thyroidectomy is commonly done in females and usually in their younger ages. It is true that some of these patients are unhappy about the scar. It is therefore prudent to develop and improve upon a technique which can avoid the scar. Endoscopic techniques were developed and still popular. But, endoscopic surgery in the neck has limitations like twodimensional vision, the necessity for a camera-holding assistant, restriction in the number of instruments that can be used together, and the relatively difficult learning curve [16] [17] [18] [19] . Robotic surgery has many advantages [19] [20] [21] .
1. Visualization: Robotic surgery offers three-dimensional stereoscopic vision with high definition and high magnification (10× greater than human eye). The vision is surgeon controlled and does not necessitate a cameraholding assistant. 2. Dexterity: Enhanced dexterity with wristed instruments is a hall mark of robotic surgery. Seven degrees of freedom, namely shoulder pitch, arm yaw, shoulder roll, elbow pitch, wrist yaw, wrist roll, and wrist pitch, are possible.
Precision:
There is no surgeon tremor. Also, the visualization, retraction, and dexterity help to do precise surgery. Such precise surgery is postulated to result in fewer complications like nerve injury and parathyroid ischemia. 4. Enhanced retraction: Compared to endoscopic thyroidectomy, there is a fourth arm on which a forceps can be used to retract. In addition, the bed-side assistant also helps in suction and retraction. 5. Surgeon ergonomics: Once the robot is docked, the surgeon sits comfortably at a separate console with the forearms on the pad, to control the arms.
Limitations of Robotic Thyroidectomy
Cost is an important concern [21, 22] . It includes the initial establishment cost, annual maintenance cost, disposable instrument cost, and the cost involved in the prolonged anesthesia and operative time. Studies on trans-axillary approach have shown that increased operating time coupled with the capital expense of the robotic system and specialized equipment will increase the cost significantly [7, 23, 24] . Prior studies have reported higher cost for robotic thyroidectomy [25] [26] [27] . But, Lang et al. [16] in their meta-analysis, on discussing the cost comparison between robotic and endoscopic thyroidectomy, opine that when the endoscopic equipment depreciation cost and complication cost are added together, the actual cost difference was less. Cost can be reduced by the multidisciplinary use, especially in an institutional practice.
Other specialties like urology, gastroenterology, and gynecology may be using the system more. One likely reason for the high cost is the lack of competition in the market. Several competing companies are in the process of developing the robots, and in the future, this may reduce the prize. 2. Learning curve: A learning curve of about 35-40 cases is reported for robotic thyroidectomy. But, this is less compared to endoscopic thyroidectomy (55-60 cases) [17, 18, 21] . Proper case selection is important to overcome the learning curve. Adequate preclinical, basic instrumental animal and human anatomic specimen training is essential. Live surgical procedures done by an experienced surgeon must be observed for a reasonable number of cases. It is ideal that initial few cases are done with the guidance and proctoring from an experienced peer.
3. Lack of haptic feedback: New surgeons may find the absence of haptic feedback [21] a difficulty as he/she must rely on the visual clues to assess the surgical field. This can lead to crushing of tissues and inadvertent injury to the vital structures. [16] found no significant difference in the total operating time when a robot was used. The authors opine that the operating time in robotic thyroidectomy can be minimized through better surgical manipulations and endoscopic view.
5.
Other logistic issues like instrument size. The Xi system now has only 8-mm instruments. Even the 5-mm instruments in the Si system are also big. The miniaturization of the instruments and future technological developments like single arm surgery may solve these issues. Another disadvantage is that the surgeon is now not a part of the sterile field and therefore must rely on the bed-side assistant if at all any emergency arises.
Training
Robotic surgery is a relatively new addition to the surgical armamentarium of thyroid surgery. A medical student gets exposed to the conventional thyroidectomy procedure during his/her medical school period. He/she gets the essential training in as part of the general surgical or otorhinolaryngologic residency. The technique further gets refined during the initial phase of the surgical career. Research has shown that Bdeliberate practice^is important and critical in the acquisition of a level of expert performance. [29] To get trained in robotic surgery, one needs to be well versed in the conventional technique. Curry et al. [30] have looked into the development of a robotic surgery training program incorporating an objective skill assessment for the trainees in otolaryngology and head and neck surgery, consisting of training modules of increasing complexity and leading up to procedure-specific training. Their results have shown that such training results in an improved didactic robotic knowledge base and improved clinical efficiency concerning the setup and console manipulation. The study verifies the utility of such training in improving human-machine operations skills, and operating room and surgical skills. Various steps in getting trained in robotic thyroid surgery [21] would be the following: 
Choosing the Robot
The da Vinci surgical system (Intuitive Surgical Systems, Sunnyvale, CA, USA) is the commonest robot available. Two latest models available are the Si and the Xi models. The basic differences as relevant to thyroidectomy are given below (Table 1 ). In short, the Xi system has many technological advancements but the larger size (8 mm) of the instruments is an inconvenience. Choosing the robot for the center will also be influenced by the choices of other clinical departments, which may be the major users of the system.
Patient Selection
Multiple factors are to be considered to select a patient for the procedure [22, 32, 33 ].
Patient factors:
Patients physique including the body mass index (BMI), length and circumference of the neck will have an influence on the surgery. BMI varies between races [34] An average Indian adult has a BMI of the range 21-23 [35] An ideal patient for any remote access approach would be a small or an average sized(BMI < 30) young subject who is concerned about the neck scarring or with a history of a hypertrophic scar.
Disease factors:
The pathology will have an influence on selecting the approach. A patient with a thyroid nodule less than 4 cm or a confirmed papillary cancer less than 2 cm in diameter or multinodular goiter with less than 12-mm endoscope 8-mm endoscope can be placed on any of the arms allowing for camera hopping.
5-mm instruments available 8-mm instruments Harmonic instrument available Harmonic instrument not available
Robotic arms (not instruments) are thinner and have additional patient clearance joints.
4 cm sized nodules is ideal. The size factor matters in the early phases of the learning curve. As the surgeon gets experienced, larger sized nodules may also be amenable to robotic surgery. The presence of thyroiditis is a relative contraindication, due to associated fibrosis and adhesions. Malignancy as such is not a contraindication. Neck dissection can be comfortably done with RA approach, but it would be best to select patients with no gross involvement of the nodes, in the initial phases of the learning curve.
Relative contraindications are as follows: 
Case Selection During the Learning Curve
To tide over the learning curve, in the initial phases, it is best to select the patients who are:
1. Young, non-obese, requesting for robotic thyroidectomy 2. Nodule size less than 3 cm 3. A benign or malignant nodule may be included, malignant nodules of a differentiated carcinoma 4. No clinical or radiological evidence of nodal involvement 5. In suspected malignant cases, it is best to select patients indicated for total thyroidectomy, as the completion thyroidectomy may be difficult initially 6. It is best to choose a bilateral approach initially (each lobe approached from the ipsilateral retroauricular area). Approaching the contralateral lobe from the ipsilateral RA area may be technically challenging in the initial phases
Counseling and Consenting the Patients
To help the patients to make an informed decision-making, the surgeons should disclose the procedures' novel nature, potentially unknown risks and benefits. The patients also should be informed about whether the surgeon would be performing the procedure for the first time. The surgeon can also talk about the training he/she has undergone and the availability of the proctor for the case. When adequate numbers and outcomes data are available, those can be provided to the patients [22, 36] .
Choosing the Approach The two standard approaches that are employed for remote access thyroidectomy are trans-axillary approach and retroauricular approach. Few studies have compared the outcomes of these approaches [10, 37] . The TA approach can have the same operative view as the conventional approach. This allows the easy manipulation of the upper and lower thyroid poles and the scar well concealed in the axillary fold. The RA approach is like the modified facelift (MFL) approach for parotidectomy. The difference is the absence of a preauricular limb in the MFL incision. The authors prefer the RA approach. The advantages of the RA approach are the following: (1) being in a neck surgery, the anatomy and the vector of dissection are familiar to the head and neck surgeons; (2) brachial plexus is not at risk; (3) shorter area of dissection compared to the TA approach. The usefulness of the RA approach comes not only from the use of the surgical robots but also from the fact that the incision is remotely placed.
Complications
The complications seen in the conventional thyroidectomy can occur in robotic thyroidectomy too. Literature review shows that the rates of recurrent laryngeal nerve palsy, temporary and permanent hypocalcemia, hematoma, and seroma are similar. Lang et al. [16] in their comparison between robotic and endoscopic approaches report lower temporary recurrent laryngeal nerve in robotic thyroidectomy. They postulate that this might reflect the improved surgical manipulation and more stable endoscopic view. Hematoma rates were comparable between robotic and endoscopic thyroidectomy. Also, the rates of other surgery-related complications, like a seroma, wound infections, skin burns, and tracheal and brachial plexus injuries, were similar between robotic and endoscopic thyroidectomy. The temporary hypocalcemia rates were also comparable. Liu et al. [28] in their comparison between open and robotic approaches see that the postoperative pain rates were similar. The rates of recurrent laryngeal nerve injury and hypoparathyroidism were comparable; bleeding and hematoma rates were similar. Unusual complications specific to the robotic post-auricular thyroidectomy are rare but reported. They include the following:
1. Increased postoperative pain around the neck and postaural area 2. Tracheal, esophageal, and vessel injury 3. Nerve injury: great auricular nerve and marginal mandibular nerve (both may be injured during flap raising, but preventable with appropriate precautions)
4. Skin discoloration, ischemia, and necrosis of the postauricular part. This can also be minimized with special care taken while raising the flap. The tip of the flap must be kept, sufficiently broad moistened, and not very thin. 5. Hair loss along the incision line, hypertrophic scar, and keloid is rare. 6. Periauricular paresthesia and numbness.
Byeon et al. [6] in their paper on the comprehensive application of robotic retroauricular approach reported temporary and permanent vocal cord palsy in (5/87) 5.7% and (3/87) 3.4% of their cases, respectively. Temporary hypoparathyroidism was seen in 38% cases. Other complications were mouth corner deviation (5.7%), numbness of the ear lobule (6.9%), and hematoma (2.3%). It should be noted that there are no direct comparative studies between open and robotic thyroidectomy, but only retrospective meta-analysis. The range of transient and permanent recurrent nerve palsies and hypoparathyroidism in the literature is quite wide and high rates in the article by Byeon et al. [6] . They further clarify that, except for the three patients whose recurrent laryngeal nerve had been intentionally resected due to gross invasion of the tumor encountered intraoperatively, all other patients completely recovered after serial close follow-up. 
Early Experience in India
Authors' institution has done ten cases over a period of eight months. The patients included nine females and one male. Mean age was 38.3 years (range 23-65 years). The mean size of the nodule was 20.7 mm (range 15-30 mm). All patients underwent total thyroidectomy through a bilateral RA approach, and each lobe was approached from the ipsilateral RA area. The mean operating time was 378 min. The time taken for surgery came down with each case and was 227 min in the last case. The mean hospital stay was 6 days (5-8 days). On the postoperative pathology, eight patients had papillary carcinoma. Three had temporary hypocalcemia, and one developed a hypertrophic scar. One patient developed unilateral vocal cord palsy, where the nerve was involved by the tumor. Overall, the outcomes were promising. A detailed report of the cases is not intended in this paper and hence not given.
Specific Challenges in India
The most important stumbling block for the initiation of such programs is the cost incurred, especially when much of the population is from a low socioeconomic background. It is also important to note that the insurance coverage for medical expenses in India is very less. An emerging modality like robotic thyroidectomy with specific cosmetic advantages only will be given less priority. Availability of the robotic surgical system is also a problem. Hospitals with the infrastructure for robotic surgery are less in number, though there is a recent trend in the increase in numbers. Opportunities for training are also not available regionally. Acquiring basic and specialized skills in robotic surgery and thyroidectomy requires a surgeon to travel to other centers in the USA, the UK, or South Korea. The expenses involved are enormous.
The robotic thyroidectomy program at the authors' institution was started as a clinical program, but the facility now offers the basic robotic skills training program in an animal lab. In future, once the center acquires enough experience in robotic thyroidectomy, it may be developed into a nodal training center for the country.
Conclusions
Robotic thyroidectomy has definite advantages over endoscopic methods. It is feasible, safe, and cosmetically better. Cost is an important concern. It can be minimized by the multidisciplinary use, especially in an institutional setting. Sufficient robotic skill, cadaver, and preclinical training are necessary. Patient selection is the key to optimize outcomes. This is especially important in the initial learning curve. Our early experience with robotic retroauricular thyroidectomy is encouraging.
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